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Since 2012, drought has had a signiﬁcant impact on agricultural production in the United States, pri-
marily on the Great Plains and in the West. However, in recognition of the value of both mitigation and
response, USDA and its partners are developing a more proactive approach to dealing with the effects of
drought. A recent collaboration is the National Drought Resilience Partnership, which was established in
2013 as part of the President's Climate Action Plan. This federal partnership is designed to leverage
existing programs and infrastructure in a coordinated effort to help communities better prepare for
drought.
By highlighting some of the successes achieved during the recent drought in California, this article
will examine some of the current activities underway speciﬁcally designed to help the agricultural
community. Gaps will be identiﬁed as well, as a plan to more efﬁciently provide information to decision
makers and the public is presented. In particular, speciﬁc programs and agencies will be identiﬁed as
potential leads to address where future resources should be focused, including implementation of a
National Soil Moisture Monitoring Network.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
1.1. USDA’s Weather and Climate Activities
The primary factor affecting agricultural production is growing
season weather, be it extreme or relatively uneventful. Conse-
quently, farmers, ranchers, foresters, and others involved with the
agricultural sector pay close attention to weather, particularly
when monetary losses occur and livelihoods are threatened. Ac-
cording to the National Centers for Environmental Information of
the National Oceanic and Atmospheric Administration, the second
costliest type of disaster (behind tropical cyclones) is drought,
averaging $9.4B in losses per event since 1980 (NCEI, 2015), which
is illustrated in Fig. 1.
Given the signiﬁcance of drought and other weather events to
the Nation’s farming community, the United States Department of
Agriculture (USDA) unsurprisingly has a long history of monitor-
ing, and responding to, drought and other weather and climate
events. Upon the establishment of the Department in 1862, the
ﬁrst Commissioner of Agriculture — Isaac Newton — organized aaccess article under the CC BY-NC
usberg).group of volunteer farm reporters, whose observations of weather
and crops served the basis for the ﬁrst Monthly Crop Report the
following year (Hughes, 1972). As early as 1870, Congressional
action mandated the taking of meteorological observations, which
eventually became the ofﬁcial duty of the War Department’s Sig-
nal Service. In 1890 the Signal Corps (formerly known as the Signal
Service) was transferred to the Department of Agriculture. For the
next 50 years, the Weather Bureau (as the agency was known) was
a part of the USDA before being transferred to the Department of
Commerce in 1940. Despite the move, however, the partnership
between the agricultural and weather services did not end. For
example, the “Weekly Weather Chronical”, which was ﬁrst pub-
lished by the Signal Service in 1872, continued its publication
uninterrupted to eventually become today's Weekly Weather and
Crop Bulletin (Hughes, 1972).
As evidence of the need for continued collaboration, the De-
partments of Agriculture and Commerce have formally partnered
in several instances to ensure seamless transfer of technology and
data between researchers and analysts concerned with the im-
pacts of weather and climate on the Nation's agriculture. A
Memorandum of Understanding (MOU) was developed between
the Departments in 1967, outlining the provision of weather and
climate data and analysis from the Environmental Data Service to
USDA's Statistical Reporting Service. An agreement forming the-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Billion dollar disasters (Data from: NOAA National Centers for Environ-
mental Information).
Fig. 3. The Hydro-Illogical Cycle (Source: National Drought Mitigation Center).
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responsible for the publishing of the Weekly Weather and Crop
Bulletin — was signed in 1978, establishing for the ﬁrst time a
jointly-operated agency housing both USDA and National Weather
Service (NWS) meteorologists at USDA headquarters in Wa-
shington, DC (Motha and Heddinghaus, 1986). Over the years,
other USDA programs using data obtained by the National
Weather Service data emerged, requiring the establishment of
guidelines for uses and information delivery to the public. One
example is the Pasture, Rangeland, Forage Pilot Insurance Program
administered by USDA's Risk Management Agency. The program,
based on a precipitation-derived gridded Rainfall Index, is de-
signed to allow producers to buy insurance protection for losses of
forage (RMA, 2015). Unlike the JAWF agreement, RMA obtains the
information informally from NOAA, although a formal agreement
is being considered to ensure continuity of products.
While relying on the NWS for much of its weather and climate
data, USDA maintains weather and climate monitoring networks
in support of activities of interest to farmers, ranchers, and for-
esters (Fig. 2). Beginning in the 1970s, the Forest Service, along
with the Bureau of Land Management, began development of a
network of Remote Automated Weather Stations RAWSFig. 2. Photos of weather and climate platfor(Zachariassen et al., 2003). Among other uses, data from the net-
work are used to forecast daily ﬁre danger indices. Meanwhile, the
National Water and Climate Center of the Natural Resources
Conservation Service operates several networks (OFCM, 2015) for
the purpose of monitoring the Nation's water resources. The Snow
Telemetry (SNOTEL) Network collects and transmits data in sup-
port of the Snow Survey and Water Supply Forecasting Program.
Manual collection sites are also monitored by land and air. In ad-
dition, the Soil Climate Analysis Network (SCAN) monitors soil
temperature and soil moisture in support of national drought
monitoring, agriculture production, and climate change research.
Similar to the way NOAA data is used but USDA, these data are
freely shared with NOAA and are incorporated into its operational
products as needed.
1.2. The Evolution of Current Drought Activities
Drought can be a difﬁcult phenomenon to plan for. Some areasms operated by USDA (Source NRCS/FS).
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drought can vary from community to community. As illustrated in
Fig. 3, one factor that can reduce the incentive for long-term
planning can be complacency, in that most areas would naturally
recover from a drought eventually (NDMC, 2015). However, the
cost of recovery can be offset by the resources needed to suc-
cessfully plan for and mitigate the impacts of drought beforehand.
For example, it is estimated that mitigation efforts reduced the
cost of natural disasters by an estimated $3.2 billion in Fiscal Year
2013 (Department of Homeland Security, 2014).
In 1996, the Western Governors Association (WGA) adopted a
resolution stating the need for a comprehensive, integrated re-
sponse to drought. This was in response to a serious drought in the
Southwest but perhaps more importantly, the action acknowl-
edged the recurring threat of drought elsewhere in the region.
Later that year, the WGA released their Drought Response Action
Plan, outlining their vision of a cross-agency Drought Task Force
that would engender a “cooperative approach to drought man-
agement” and offering recommendations for moving forward to-
ward developing a framework for assisting communities in be-
coming more resilient to drought (WGA, 1996). To effect these
changes, the WGA spearheaded the formation of the Western
Drought Coordination Council the following year through an
agreement with various federal, tribal, and local governments.
Building upon the work of the WGA and the Western Drought
Coordination Council, Congress passed the National Drought Policy
Act of 1998 so that a thorough study of national drought policy
could be conducted (GPO, 1998). Upon passage, the National
Drought Policy Commission (NDPC) was established, chaired by
then Secretary of Agriculture Dan Glickman. In its Final Report
(NDPC, 2000), the Commission recommended that Congress pass a
National Drought Preparedness Act and outlined speciﬁc re-
commendations for a national drought policy. The ﬁve overarching
goals were:
1. Incorporate planning, implementation of plans and proactive
mitigation measures, risk management, resource stewardship,
environmental considerations, and public education as the key
elements of effective national drought policy;
2. Improve collaboration among scientists and managers to en-
hance the effectiveness of observation networks, monitoring,
prediction, information delivery, and applied research and to
foster public understanding of and preparedness for drought;
3. Develop and incorporate comprehensive insurance and ﬁ-
nancial strategies into drought preparedness plans;
4. Maintain a safety net of emergency relief that emphasizes
sound stewardship of natural resources and self-help; and
5. Coordinate drought programs and response effectively, efﬁ-
ciently, and in a customer-oriented manner.
Following the failure of Congress to pass a comprehensive
drought preparedness bill in 2003, the WGA issued a report out-
lining the vision and goals of a National Integrated Drought In-
formation System (NIDIS), addressing the recommendations on
the second goal of the NDPC (WGA, 2004). The report was the
culmination of several meetings between WGA, the Federal Gov-
ernment (notably the National Oceanic and Atmospheric Admin-
istration (NOAA), USDA, and the Department of the Interior), and
representatives of state and local governments and organizations.
The report outlined how successful design and implementation of
NIDIS would achieve the goal of providing communities with the
necessary tools to develop their own drought warning system. A
pared-down version of the original drought bill focusing solely on
NIDIS was passed in 2006 (GPO, 2006).1.3. The U.S. Drought Monitor (USDM)
At about the same time the National Drought Policy Commis-
sion was meeting, representatives from USDA, NWS, and the Na-
tional Drought Mitigation Center (NDMC) met informally to dis-
cuss the development of a map detailing the severity and extent of
drought in the United States. The product, called the U.S. Drought
Monitor (USDM), ranked drought severity in terms of the historical
signiﬁcance of the drought within a region by applying a combi-
nation of data-based analysis with subjective feedback (Svoboda
et al., 2002).
Launched in 1999 as an experimental product, the USDM was
soon being used by USDA as a trigger for drought relief programs.
The ﬁrst instance of this was in 2003, when the Ofﬁce of the Chief
Economist recommended using the USDM to determine which
states were eligible to receive surplus supplies of Non-fat Dry Milk
as a feed supplement to livestock affected by drought (USDA FSA,
2003). The following year, Farm Service Agency (FSA) ﬁeld ofﬁces
were instructed to use the USDM to determine eligibility for
emergency haying and grazing of acreage originally set aside for
the Conservation Reserve Program (USDA FSA, 2004). Perhaps
more signiﬁcantly, language in the 2008 and 2014 Farm Bills (GPO,
2008 , 2014) outlined procedures for using USDM drought cate-
gories for the Livestock Forage Program, streamlining the metho-
dology for calculating relief payments to ranchers and farmers
experiencing drought-related losses. These uses of the USDM as a
trigger mechanism for USDA programs not only underscores the
importance of the product, but has helped to establish it as the
major deﬁner of drought in the United States, supplanting most
other products and processes.
1.4. The Drought of 2012
The Drought of 2012 resulted in approximately $31 billion in
damages to agriculture and other sectors and was linked to 123
deaths (NCEI, 2015). As monitored by the USDM, more than two-
thirds of the Nation was experiencing drought in September of
2012, the largest areal coverage since the inception of the USDM in
1999 (Fig. 4; Artusa, 2012). Under the direction of the White House
Rural Council (White House, 2015), USDA chaired a National Dis-
aster Recovery Framework (EPA, 2011) effort to help communities
respond to the 2012 drought, including hosting four regional lis-
tening forums to hear from communities directly. In December of
that year, USDA and NOAA sponsored a national forum to review
the impacts of the drought — including public feedback gained
from the listening forums — and assess the successes and failures
experienced in responding to the drought (National Drought For-
um, 2012). One of the goals of the forum was to assess whether
NIDIS and other programs were sufﬁcient in providing commu-
nities with materials to create drought response plans. Another
concern was whether a lack of coordination between the agencies
impacted the response to the drought. Forum participants identi-
ﬁed a list of short- and long-term priorities needed for drought
resilience. The categories were:
 Drought and Water Supply Monitoring and Prediction;
 Drought Communications;
 Drought Preparedness Planning;
 Reducing Drought Risks, Mitigating Drought Impacts and
Adapting to the Future; and
 National Investments and Opportunities.
One of the main themes of the deliverables recommended in
each category reﬂected the need for government agencies to work
collaboratively to provide the public with timely, pertinent pro-
ducts and information in support of mitigation. In an effort to
Fig. 4. U.S. Drought Monitor depicting record drought in the contiguous United States.
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tioned USDA/NOAA (MOU) was updated, with changes in the
language to reﬂect recent renovations to the mandates of both
groups. In March of 2013, a new Subsidiary Interagency Agreement
was added to the MOU outlining areas of cooperation between the
two Departments regarding drought monitoring and mitigation,
focusing on the activities outlined during the 2012 National
Drought Forum deemed necessary to ensure long-term drought
resilience.2. The National Drought Resilience Partnership
In July of 2013, the President's Climate Action Planwas released to
the public, outlying the Administration's plans for helping the Nation
prepare for the impacts of a changing climate (White House, 2013).
Among other recommendations, the report called for the country to
become more resilient to natural hazards, drought among them. The
action was particularly timely, in that while drought had abated on
the Great Plains since the previous summer, drought intensiﬁed in
the West, particularly California Cooley et al. (2015). To that end, the
National Drought Resilience Partnership (NDRP) was created (USDA,
2013), to improve public access to Federal drought resources, and to
help link information such as monitoring, forecasts, outlooks, and
early warnings with longer-term drought resilience strategies in
critical sectors such as agriculture, municipal water systems, energy,
recreation, tourism and manufacturing. The NDRP emphasizes long-
term drought resilience by working collaboratively to support the
efforts of states, tribes, and local communities. Planned ﬁrst year
deliverables included:1. Creating a single federal point of contact for drought;
2. Support for a National Soil Moisture Network;
3. On-line tools to access Federal resources; and
4. Demonstration projects designed to develop and promote resi-
lience strategies at regional levels.
Co-chaired by USDA and NOAA, the partnership works to
leverage existing programs — including NIDIS and USDA programs
stemming from decades of drought response activities — to ac-
complish its mission in hopes of avoiding duplication of effort.
Included in this are permanent infrastructure (formal programs
such as NIDIS) and ad-hoc activities such as those sponsored by
USDA. For example, in addition to relief programs, Agriculture
Secretary Tom Vilsack announced the scheduling of four regional
meetings during the summer of 2012 designed to outline available
resources to assist with local, regional and state recovery efforts
(USDA, 2012). Information gathered at these meetings contributed
to other agency inputs to help develop the deliverables. Other
partners in this effort include the Department of the Interior, the
Assistant Secretary of the Army for Civil Works, the Federal
Emergency Management Agency, the Environmental Protection
Agency, and the U.S. Department of Energy.3. Early NDRP Deliverables
Upon its inception, the NDRP was mandated to improve the
ability to access existing Federal resources related to drought mi-
tigation and recovery. The following are brief descriptions of the
near-term deliverables identiﬁed and vital for laying the ground-
work for longer-term success:
Fig. 5. Time series depicting drought severity in California since 2010 (Data from
National Drought Mitigation Center).
M.D. Brusberg, R. Shively / Weather and Climate Extremes 10 (2015) 40–49443.1. Federal points of contact
Despite years of interaction between the agencies making up
the partnership, there had been no comprehensive method for
sharing information regarding projects and support for drought
relief or mitigation. Upon meeting for the ﬁrst time, the member
agencies agreed that a mechanism for preventing duplication of
efforts was a necessary ﬁrst step toward cooperation. To that end,
one of the ﬁrst deliverables from the Partnership was a dynamic
listing of activities and expenditures from each agency, outlining
new and existing programs being implemented in California
(USDA, 2014), which by 2015 was experiencing one of the worst
droughts in recorded history after 3 years of intensifying dryness
(Fig. 5). The document — informally referred to as the “Rack and
Stack” — became the basis for keeping track of what resources had
already been expended, as well as becoming a key mechanism for
reporting that information to the public (NDRP, 2015a). Another
product developed for the group was a calendar listing meetings
and other key events being held by the member agencies. This
“one-stop shop” for the sharing of internal information con-
tributed to the coordination efforts between the partner agencies
and, along with the Rack and Stack, and offered more opportu-
nities to work together toward reducing replication of efforts
(Fig. 6).Fig. 6. National Drought Resilience Pa3.2. National Soil Moisture Network
In 2013, a meeting was convened in Kansas City to discuss the
potential for incorporating information from existing soil moisture
networks into a national product (NIDIS, 2013). The meeting was
organized by NIDIS in support of the goals outlined in the Pre-
sident’s Climate Action Plan, but the idea of a coordinated na-
tionwide network of real-time soil moisture and temperature
sensors had been outlined several years earlier in a report issued
by the National Research Council of the National Academies (NRC,
2009). In that report, the approximate number of sites was set at
3000 to achieve an average spacing of about 50 km. Although no
Federal agency was formally mentioned as a lead, it was re-
commended that site selection “be biased toward existing net-
works”, which would suggest that USDA would be a key con-
tributor to the overall goal. In the years that followed, several steps
were taken to improve the public’s ability to access soil moisture
and temperature information and to assess limitations of existing
networks, both Federal and non-Federal. Several recommenda-
tions by the attendees of the Kansas City meeting — comprised of
Federal and non-Federal operators, including those from the
public sector — outlined the formation of several task groups: one
group would deﬁne soil moisture Meta data to help identify and
standardize depth levels and types of information to be recorded,
while another group would look at integration with remote sen-
sing platforms and modeling. Once data formats are decided,
planning can begin for data architecture and dissemination to the
public, including a National Soil Moisture Map to appear in the
Weekly Weather and Crop Bulletin and raw data that could be re-
trieved via an existing network such as the Applied Climate In-
formation System (Hubbard et al., 2004).
3.3. On-line tools to access Federal resources
An assessment of existing infrastructure revealed several se-
parate locations enabling the public to do so, but each was oper-
ated by a different agency and supplied different information. To
avoid confusion by public, the NDRP began development of a new,
web-based portal to ease access to Federal agency drought re-
covery resources. This is currently being attempted through the
existing “drought.gov” website, although other organizations will
continue to keep unique information on their sites for logistical
purposes and to prevent duplication of efforts. For example, the
USDA has a great deal of information regarding eligibility for
drought programs on its website, which could easily be linked to
through other sites but would be time consuming to fully replicatertnership website (NOAA/NIDIS).
Fig. 7. USDA Drought Page.
Fig. 8. Ask the Expert webpage (USDA).
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isting web features of individual agencies. One of these is USDA’s
“Drought Clearing House”, which was developed by partnering
with the existing “Ask the Expert” feature of USDA's drought site.
This allows the public to search for drought programs, askquestions, etc. and have their queries answered by residential
experts. Once the topic has been addressed, the result is stored for
future viewing by others seeking the same information, effectively
creating an archive of pertinent responses to questions posed by
the public (Fig. 8).
Fig. 9. Drought Impact Reporter (National Drought Mitigation Center).
Fig. 10. USDA Secretarial Drought Declarations (August 26, 2015).
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drought impacts. Of the participating agencies, two — USDA and
NOAA — have mechanisms for the public to report impacts of
drought on agriculture and other sectors of the economy. This is in
addition to the Drought Impact Reporter (Fig. 9) operated by the
National Drought Mitigation Center (NDMC). A quick survey of all
sites showed that while there was some overlap, no one site dis-
played all of the same impacts; therefore, a user would be required
to visit all three sites to ensure that all of the impacts were seen.
Plans are currently underway to streamline the ability of users onthe USDA and NOAA/NIDIS sites to more effectively request agri-
cultural impacts from the NDMC site. In return, efforts would be
made to transfer the impacts recorded on the Federal sites to the
NDMC, allowing users to use either of the three sites to both re-
cord and view impacts. In addition to observations, USDA de-
clarations, such as the counties declared eligible for various pro-
grams (Fig. 10) would be included in the NDMC version of the
Drought Impact Reporter.
Fig. 11. Upper Missouri River Valley project (National Drought Resilience Partnership).
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In collaboration with local, state and regional governments, the
Partnership will also support pilot projects in areas hard hit by
drought to create a local-scale drought resilience plans that can be
applied in other areas. The ﬁrst area being studied is the upper
Missouri Valley River Basin in Montana (Fig. 11). A workshop was
convened in March of 2015 in Bozeman, MT, to design activities to
help develop or strengthen watershed-speciﬁc drought plans
(NIDIS, 2015). The meeting provided watershed stakeholders with
planning resources to help equip them with a framework for fu-
ture drought planning and resiliency efforts, and also to learn from
the stakeholders what tools they need from Federal, State, and
local ofﬁcials to assist in the resiliency efforts. Several themes
emerged from the meeting (NDRP, 2015b):
 What could be done in watersheds recognizing work already
underway;Fig. 12. Map depicting gaps in radar coverage in the Contig How to leverage, integrate, and build on existing successful ef-
forts; and
 Developing and enhancing collaboration with active partners.
Another issue being addressed is the lack of rainfall data in the
Four Corners Region of the Southwest. Gaps in coverage of both in-
situ and radar-estimated rainfall are problematic for several re-
gions, most notably in the West (Fig. 12). To begin with, lack of
data poses a challenge for forecasters and analysts attempting to
assess the drought, including Drought Monitor authors. Compli-
cating the lack of data is the gap in coverage of radar, preventing
rainfall from being estimated in tribal lands and other parts of the
West. One solution is the Community Collaborative Rain, Hail, and
Snow (CoCoRaHS) network operated out of Colorado State Uni-
versity (CSU). With thousands of volunteer reporters across the
country, CoCoRaHS could provide a means for solving the issue of
insufﬁcient data coverage in a manner that would provide data in
a format already accepted by Ofﬁces of the National Weatheruous United States (Joint Agricultural Weather Facility).
Fig. 13. Depiction of gap in coverage of the CoCoRaHS network in the Southwest (Data source: Colorado State University).
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2015), although it is acknowledged that low population densities
and other issues must be overcome to fully address gaps in the
Southwest and other parts of the country. Discussions are cur-
rently underway between USDA, CSU, NOAA, and local tribal
groups to educate potential volunteers in the advantages of be-
coming observers in hopes of providing several hundred more
stations in the strategic locations in the West. As part of this effort,
the operators of the network will provide a detailed description of
CoCoRaHS to these communities by tailoring information products
to the speciﬁc needs of the Southwestern Tribal Nations (Fig. 13).
Collaboration with local tribal colleges and groups will be sought,
as will funding for the rain gauges and training materials to be
used in the effort.4. Summary
USDA has a long history of successful partnerships with NOAA
and other groups in the area of monitoring and assessing the
impacts of climate and weather on agriculture. Of particular in-
terest is the impact of drought on the viability of the Nation's
agricultural production, given the country's history of droughts
that have devastated countless farming communities. Fortunately,
USDA's own history of monitoring weather and climate variables
and using the data for research and operational purposes enabled
the Department to take a leadership role in supporting the Ad-
ministration's efforts to create a more drought resilient society.
As outlined in this paper, many activities have been underway
since the 1990 s to move the United States from a “reactive” to
“proactive” nation in terms of how the impacts of drought are
addressed. These activities, including the inception of NIDIS and
the creation of the U.S. Drought Monitor, relied on largely volun-
tary partnerships between USDA, NOAA, the National Drought
Mitigation Center, and other entities having expertise in the area
of drought. Over the years, various, seemingly disparate, activities
have been developed both individually and through both formal
and informal partnerships. By leveraging existing programs, the
National Drought Resilience Partnership, under the direction of
the White House and co-chaired by USDA, is developing new
strategies for coordinating Federal involvement in droughtmitigation and relief strategies. Early successes have included ac-
tions designed to bring drought relief to producers in California in
2015 after several years of historic drought. New programs, such as
USDA’s Climate Hubs, whose mission is to “… is to develop and
deliver science-based, region-speciﬁc information and technolo-
gies, with USDA agencies and partners, to agricultural and natural
resource managers that enable climate-informed decision-making,
and to provide access to assistance to implement those decisions”,
will add additional needed infrastructure for the purpose of public
outreach (OCE, 2015). The promising new framework, which
brings the Federal family together in unprecedented ways, will
ultimately serve as a model for responding to Western drought in
the 2015/16 season and in other parts of the country in ensuing
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